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The Deep Space Science Vessel (DSSV) ixanceptual design of avery large
spacecraft intended as a mobile microgravity science platformit represents an effort to
conceptualize the systems and internal ahitectures needed to support a fortyeight-person
crew for multi -year missions throughout the inner solar system and potentially beyon@he
general arrangement of the DSSV is a modular spacecraffonsidering only the pressurized,
habitable elements, theDSSV includes two large pressurized modules (Hab and Lab) docked
together along with eight smaller node modules completing the habitable configuratioiihe
Hab and Lab modules are docked side by side, with the longitudinal axes parallel to each other
and a single docking port connecting themA node module is docked to each dome on the Hab
and Lab modules, such that the two small node modules on each end of the large Hab and Lab
domes are docked both to each other andtothe Haband Lab hi s cr eae¢ tersaak ofir a
translation path on the interior. The other four node modules are docked at the center of the
Hab and Lab modul es, two on each side, creating
perpendicular to thefirst one The DSSV has a generally vertical dentation. Within the Hab
and Lab modules the decks are perpendicular to the longitudinal axi§he node modules are
oriented with their longitudinal axes perpendicular to those of the Hab and Lab modules, so
the nodes have a horizontal internabrientation. Decks are numbered one through nine, with
decks two and eight representing the Atapd and fAbot

The Hab Module decks encompass the shipds gall ey,
of crew exercise, andyroup recreation. The Lab Module contains food production facilities,
the | ife science | ab, the shipdés infirmary, t he ph

fabrication workshop. The Node Modules serve a number of different functionsThe two
Exercise Nodes are docked to deck five of both the Hab and Lab modules and contain most of
the aerobic and resistive exercise deviceslso docked to deck five but on the opposite side of
the Hab and Lab modules are the Observation Deck and Space Caldese two node modules
provide social gathering space for small numbers of crewhe Mission Operations Node is on
deck nine directly above the Galley and contains spacecraft monitoring and commanding
capabilities. Docked to it is the EVA Operations Node, which amtains suit maintenance and
storage (The airlock is a separate, external element docked to the EVA Operations Node.)
The Subsystems Node is on deck one beneath the maintenance and fabrication workshop
Docked to it is the Stowage Nodelhis node does nohouse DSSV primary stowage, but is a
staging point where stowage brought in from logistics modules can be sorted, unpacked, or
repacked as needed prior to distribution to the appropriate sections of the spacecratft.

|.Nomenclature
ARED = Advanced Resistive Exercise Device
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CEVIS = Cycle Ergometewith Vibration Isolation System
CIR = Combustion Integrated Rack

CMG = Control Moment Gyroscope

CTB = Cargo Transfer Bag

DSEV = Deep Space Exploration Vehicle

DSSV = Deep Space Science Vessel

ECLSS = Environmental Control and Life Support Subsystem
EKG = Electrocardiogram

EVA = Extravehicular Activity

FBHU = Full Body Hygiene Unit

FIR = Fluids Integrated Rack

Isp = Specific Impulse

MCC = Mission Control Center

MISSE = Materials International Space Station Experiment
NEA = Near Earth Asteroid

PMAD = Power Management and Distribution

RCS = Reaction Control System

SOS = Science on a Sph&®e

T2 = Treadmill 2 (Second Generation Treadmill with Vibration Isolation System)
UWMS = Universal Waste Management System

VAA = Vehicle Architecture Analysis

[l. Introduct ion

The Deep Space Science Vessel (DSSV) is an exploratory study to understand the habitability considerations
needed to sustain and ensure the productivity of a relatively large crew fatuaatgpn microgravity missions away
from Earth It is not partof any current NASA exploration program but is envisioned as a possible follcivat
might be implemented after the initial human Mars exploration missibims DSSV is a mukpurpose, multi
disciplinary, microgravity science vessel intended for humanesflight operations throughout the inner solar system
Potential missions encompass orbits of Mercury, Venus, Earth, Moon, Mars, Phobos, Deimos, and Ceres as well as
other NeatEarth Asteroids (NEAs)main belt asteroidsind interplanetary spaceéhe DSSV is based on a crew size
of forty-eight and anticipates missions in of five or more years in duraibile some technologies do not yet permit
missions of this duration, this study begins to conceptualize the habitation systems that might betoesueott
a forty-eightperson crew for mukyear missions throughout the inner solar system and potentially hefsioe
from the inherent discovery directly relevant to this study, this data may help prioritize areas of research and
technology develapent for more neaerm missions and encourage the development of systems that can feed forward
to future exploration systems of this type.

. History and Background

The concept of the DSSV originated based on an initially rhetorical question of what tieimaxt spaceflight
goal should be after lonrduration surface missions on Mars have been complétedso reflects an effort to
understand the implications for spacecraft habitation systems extending beyond the traditional small crew sizes that
have chaacterized flown spacecraft throughout the history of human spaceflight

This is, of course, not the first study where habitats with large crew sizes have been cof&ivedcolony
studies have explored populations in excess of 20,000 pgbjpMost recently, SpaceX has suggested an intention
to transport 100 people at a time to Mars in a single Stafghidowever, the specific habitation details for these and
other large crew size studies do not appear to be publicly available

Work on the [BSV has been primarily conducted as a student exercise involving Industrial Design students from
the Rhode Island School of Desigh rough, initial concept was developed by NASA personAeRISD design
studio undergraduate course next focused on protaygf select living areas within the Hab Modufénally, two
RISD undergraduate interns worked with a NASA mentor to develop a heemégredCAD layout of the pressurized
volumes of the DSSVThe focus thus far has been on defining the areatered fuations and layout associated with
a forty-eightperson science spacecraft intended for{damation microgravity operations throughout the inner solar
system.



IV.General Arrangement of the DSSV

A. Module Arrangement

The general arrangement of the DSSV is a navdspacecraftConsidering only the pressurized, habitable
elements, the DSSV includes two large pressurized modules (Hab and Lab) docked together along with eight smaller
node modules completing the habitable configuration, showigirl. The Hab and &b modules are each 10 meters
in diameter and 22.5 meters in lengdach node module is 4.5 meters in diameter and 10 meters in.[€hgthlab
and Lab modules are docked side by side, with the longitudinal axes parallel to each other and a singleatiocking
connecting themA node module is docked to each dome onHhband Lab modules, such that the two small node
modules on each end of the lalgaband Lab domes are docked both to each other and tdaihand Lab This
creates a i ticopathton thednkeol hie oteenfaut nade modules are docked at the center blaihe
and Lab modules, two on each side, creatifirgonaThet her Afr
DSSV has a generally vertical orientatidithin the Hab and Lab modules the decks are perpendicular to the
longitudinal axis The node modules are oriented with their longitudinal axes perpendicular to thoséiabtmed
Lab modules, so the nodes have a horizontal internal orientBt@aks are nutmered one through nine, with decks
t wo and eight representi ng Haband Lidli mopgulesTlerHdb Module tlecks mo  d o m
encompass the shipbés galley, crew quarters,.Thedabt e, hyg
Modul e contains food production facilities, the |ife s
maintenance and fabrication worksh@jpe Node Modules serve a number of different functidhe two Exercise
Nodes are docked to clefive of both theHaband Lab modules and contain most of the aerobic and resistive exercise
devicesAlso docked to deck five but on the opposite side ofthlkeand Lab modules are the Observation Deck and
Space CaféThese two node modules provide ish@athering space for small numbers of cr8ie Mission
Operations Node is on deck nine directly above the Galley and contains spacecraft monitoring and commanding
capabilities Docked to it is th&VA Node which contains suit maintenance atdrageThe Subsystems Node is on
deck one beneath the maintenance and fabrication workiSboged to it is thé&Stowage Node
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B. Circulation and Utilities
1. Circulation

The DSSV employs modified racetrack circulagpatterrsin both the vertical and horizontal dimensions as shown
inFig.2Wi t hin the Hab Module, there are two vertical tran
barrel sectionsWithin each dome there are two translation paths albegibme surface, offset 180 degrees from
each otherThe dome exits to the barrel section through the two center vertical translations and to the node though a
single hatch openin@he nodes connect to each other through a single.hattite Lab Moduleyertical translation
is through parallel paths that run along the pressure vessel, offset 180 degrees from eddtriathatally, there is
a complete racetrack configuration on deck 5, encompassing the Hab and Lab modules as well as the exercise and
lounge nodegAll hatch openings, whether vertical or horizontal, measure 40 inches in width and 60 inches in height
There are twentjour docking ports for connections to airlocks, attached spacecraft, or visiting vehicles.
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Fig. 2 DSSVinternal Circulation Paths

2. Utilities

The DSSV employs a utilities network with a primary routing that follows the crew circulation path as shown in
Fig. 3. The primary routing contains the main, high capacity distribution and can circulate utilities across docking
connectionsThe secondary wtting is primarily in floors/ceilings and node pressure vessel walimecing the
primary routing to individual componentbhis utilities network distributes power, potable wateastewaterhigh
pressure gases, cabin air supply/return, thermalaldhiid, and data throughout the DSSV stack.
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C. DSSVCrew Composition

The DSSV creware organized into departmenshiown in Table 1hbased on crew function. In addition to their
primary function, some are cross trained i@pand can operate the microgravity variants of the Pressurized Rover
that are docked to the DSSV. Several others are cross trained as paramedics and can supplement the medical staff.

Table 1. DSSV Crew Composition

# Cross # Cross
Trained as| Trained as

Department | Primary Work Area # Crew Pilots Paramedics
Operations Bridge 7 5 1
(11crew) | EvA, Flight Ops, & Logistics 4 4 0
Food Production| Gajiey- Food Prep 2 0 1
(6 crew) Food Production 4 0 0
Engineering | softgoods &Thermoplastics 3 0 1
(9 crew) Machining 3 2 0
Electronics & Software 3 2 0
Physical Science combustion & Fluid Lab 2 0 1
(8 crew) Astronomy &MeteorologylLab 2 1 0
Materials Science Lab 2 0 0
Geology Lab 2 2 1
Medical Surgeon 2 0 0
(6 crew) Physician 3 1 0
Counselor 1 0 0
Life Science | yymanResearch.ab 2 2 0
(8 crew) Animal Research Lab 2 0 1
Microbiology Lab 2 0 1
Botany Lab 2 0 0
48 17 7




The Operations Department, as its name indicates, are the primary wpkeiaéeors. These are the astronauts who
manage all of the spacecraft subsystems, control the DSSV flight path, and interact with visiting vEhelesod
Production Department is responsible for crew nutritidhis is inclusive of both managementpépackaged food
and production of fresh food. The Engineering Department is responsible for the maintenance and repair of DSSV
subsystems, payloads, and any visiting vehicldge Physical Science Department is responsible for the organization
and exeation of scientific research within various physical science domains. The Medical Department is responsible
for the physical and mental wdikeing of the crew. And the Life Science Department is responsible for the
organization and execution of human aticbther biological scientific research.

The leadership structure of the crew includes a Vehicle Commander and Executive Officer from within the
Operations Department aachead of each of the other five departments. Additionally, when the crew igidatidi
into teams for excursions away from the DSSV (e.g. pressurized rover excursions, surface missions, EVAs, etc.) EVA
or spacecraft commanders will be designated as appropriate.

V.Hab Module Layout

A. Crew Quarters Decks and Layout

The Crew quarters of theI$V provide the crew with one of the few private spaces they will have to themselves
during a missionAs the future of human space flight develops and longer duration missions are planned it is necessary
to understand and adapt to the mental and physéeals of human$hese crew quarters give the crew as much living
space as possible while allowing easy egress between decks and theitHaaimg an abundance of space will aid
the astronauts on mulfiear missions and accommodations have been madak ttme spaces feel larger than they
are while also expanding on the functionality of the spébe crew quarters are where the astronauts would sleep,
stow personal items and communicate with family as well as having the space to work on reportsdigitather
assignmentsThe Crew quarters are divided into two areas on deck$,ad 7 of the Hab Modul&achdeckhas
12 private quartersshown inFig. 4, housing the entire 48erson crew

Crew Quarters top view

Individual room | ‘ '

Ventilation and pipe routing

Vertical transition

Fig. 4 Crew Quarters Deck Top View

The individual rooms are laid out radially to evenly distribute the rooms around the. dédiksalso keeps the
rooms identical, preventing any rooms from being smal/l
missions Each room has bunk and desk which contain stowage ardast he ast r on a uBelénsthebel ongi
bunkaretwo large pull out drawers for stowing larger items such as clotfiing desk contains a series of smaller
drawers which pivot out from a single axis, showfig 5.



Fig. 5 Open Drawer

This design allows for drawers to take advantage of smaller spaces, giving the room more open fladmdgpace
the desk is a folding foot bar which would allow the astronauts to anchor themselves to the floor while working and
thenkick it down when access to the undemkdrawers is neede®n the wall above the desk is a movable computer
monitor allowing the astronauts to adjust between desk work and viewing frorbuh&irThe cabins also house a
Adigital wi ndacomputecsoreen which wounldjallow £acharoom to have a view out of any area of the
vessel or location on earth they would like to. €s@mputer screens were chosen over actual windows in this location
in order toensure an equal quality wiew for each cew quartersThe layout of the crew quartassloosely amenable
to both microgravity and gravitgnvironmentsallowing the same design to be usedsomfacespacecraft Air
circulation was considered in the design of the crew quaierttilation ductsvrap around the top outer corner of
the decks, circulating air through each rowith return air vents in the floor by the door.

These crew cabins were designed to allow the crew to have some level of customization in their rooms allowing
them to swap ouhe surface color of their desk ahdnk prior to launch and during the missidfig. 6 illustrates
color customization examples



Fig. 6 Color Customization Options

This would allow the crew to truly make these spaces their own and helfeelitty more comfortable or more
fat homed during | ong missions.

Outside the cabins is a large common area where astronauts can mingle .anlitiik this volume are two
translation ladders to move between degksentral column lies-between these vertical transitipnsnning through
decks 37 of the Hab Moduléo accommodates for utilitieducting This can be seen ifig. 2.

B. Waste, Hygiene and Exercise Countermeasures

Waste, hygiene, and exercise countermessstacilities are located primarily in the center of the DSEwey
consist of the entiretyf Habitation deck five, a portion of Laboratory deck 5, and the nadir nbdegentral location
of these facilities allows for easy and equal access to all m@wbersAs shown inFig. 1, Habitation deck five is
sandwiched between the crew quarters located on Habitation decks 3,4, 6T hisdwé&y, crew members are never
more than oe or two decks from waste and hygiene facilities after theep periodConsiderations such as this are
vital so that large disparities in amenities docereae tension and frustration between crew members.

In total, there are eight waste collection units with handwashing stations and fourteen full body hygiene units

Additionally, the medical deck (Laboratory deck 5) houses twowsashing stationsThe Hygiene deckshown in
Fig. 7 andFig. 8, is designed with two concentric circles, with Fotidy Hygiene stations occupying the central ring

and a portion of the outer ringhis concentric design allows for smooth crew movement throughout the deck and

increased privacy since fewer units areedily facing one anotheCrewmembers enter the deck from central
translation opening#s much as possibléése openings face hatches rather thiaste or hygienenits so that as
the crew move through the translation passages, the privacy of thosavastagr hygiene facilities is maintained
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Fig. 7 Hygiene Deck Top View

In addition to waste collection and fldbdy hygiene units, the Habitation deck five also houses 2 Treadmills (T
2). These machines are located adjacent to the hatchway leattirte exercise nodes, which will be covered in the
next section

Lab deck five houses two armashing stations, two of the eighiiste collection unitsand 2 of the 14 Full Body
Hygiene StationsThis provides the Lab Module with some waste/hygienditfas and allows for accessible
collection of fecal or urine samplas needetbr medical or scientific purposes throughout the mission.

1. Waste Collection Units & Handwashing

Each of the eight waste collection units is identiddle number of waste cefttion units is comparable to
terrestrial architectural recommendations, with the increase to 8 versus terrestrial standards [@] hecahse it
takes longer to use a microgravity toilet than a terrestrialldowever, it remains to be seen whettighebathrooms
are sufficient to support a crew of 48 for long durations in 0g.
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Fig. 8 Hygiene Deck 3/4 View

Astronauts have described waste facilities in the ISS as difficult t¢4lisend accidents occur in Og that are
difficult to clean up[5] Given the number of crew and waste facilities on this spacecraft, such accidents could pose a
health riskFor longduration missions, adjustments to the design and usability of waste facilities are vital to ensuring
crew mental and physical health.

The waste collection units in the DSSV utilize the Universal Waste Management System (UWMB3rease
cleanliness, te UWMS is enclosed in a removable housifibe housing streamlines the unit's appearance and
provides a flat surface that can be readily mézhands coated with antimicrobial liningThe housing panels are
easily removable to support fecal canister replacement and routine maintersaoven irFig. 9.
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Waste Collection Unit Nominal Partial panel removed to access fecal canister Full panel removal

Fig. 9 Waste Collection Units Panel RemovalCutaway View

Replacement fecalanisters and additional supplies are located in stowage above thielesgiified as such in
Fig. 10, for easy acces$ he foot restraints are adjustable to support crewmembers from a 1% female to a 99% male
In addition, the control panel and wipes diectly beside the armbarfhe control panel itself is a touch screen,
which avoids the complexity of small crevices in traditional button designs and allows for easy cleaning
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Fig. 10 Waste Collection Unit Labeled Cutaway View

On the DSSV, each dhe eight waste collection units also contains a handwashing stEtiese stations are a
small glove boxike compartment with downward airflow and suction that allows crewmembers to wash and dry their
hands with soap and watgike the control screefor the UWMS, the control for this unit would be a touch screen
It is located inside the station to let crewmembers control water, airflow, and soap with both their hands within the
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station To contain the flow of water in microgravjtyhe handwashing stations and the -avashing station on
Laboratory Deck five are equipped with an adjustable iris that closes around the wrist to provide a seal.

Furthermore, consistent downward airflow and suction from below help push the water dr&iriage openings
The use of flowing water as opposed to wigdlews the crew to bottbe clean and tdeel clean throughout their
mission which is important to boost crew psychological health

2. Hygiene

Currenthygienepractices on the ISS consist of-rinse solution for the body, Ainse shampoo for hair, wipes
and deodoraniThe routine is brief and utilitariafor longerterm missions however, a new kind of hygiene routine
should be seriously considerdthe DSSV Fully Body Hygiene Units (FBHWhavn inFig. 11 proposes introducing
water into the hygiene practices of astronauts.

Introducing more significant amounts of water, akin to a shower on earth, has been attempted inNB&Spast
equipped the Skylalspace station witlh deployable cylindridazero-gravity showering compartmeint the 1970s
This attempt demonstrated that 'bathing' in zgravity was possibleHowever, the complexity and time needed to
set up this compartment made it unviable for the cf&wen a choice between taking a tdwskower and assembling,
drying, and stowing the deployable compartment, crew members chose the option that saved them the [@pst time

The DSSV fultbody Hygiene units are permanent fixturestotal, there are fourteen Filody Hygiene Units
This number allows the entire crew of 48 to move through their daily hygiene routine in about 3.5 rotdteonsits
around the outer circle of Habitation deck five are 2.19m in height, 2.02m in width, and 1.26m in depth, while the six
units in the central ringf Habitation deck five are slightly larger in width and deptbth sizes accommodate the 1st
percentile female and 99th percentile malee triangular shape of the FBHU maximizes freedom of movement given
the constraints of space availablanalysis d the critiques against the shower concept came to support a conclusion
that any development effort must focus on usability, rather than on technological and operational-aspests
feasibility past missions had largely demonstratgg]."

In the FBHU,crew members dispense water using a showerhead that has a slight.vBisumacuum helps
control the water as it is dispensd@dhe central touch screen can control the temperature of the water as well as the
products within the wateT his screen alsorpvides controls for the downward airflow that comes from the top of the
unit. This airflow helps control the water flow so that it does not simply stagnate or, in the worst case, gather around
the crew member's heddownward airflow alone is nanough to fully dry the unit or the crewmembgiter their
routine, crew members can use a towel to dry themselves and th8taniage for these towels and clothing and
toiletries are in two compartments on either side of the central touch screen.
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Fig. 11 Full Body Hygiene Unit Labeled Cutaway View

The overall purpose of the FBHU is twofold, hygiene and personal relaxatiamy mission, both time and space
are valuable commoditieslowever,on a longduration mission with large crew complimentsgede commodities are
even more precioufersonal Hygiene and Sleep aaee opportunities for the crew to experiesoenplete privacy
The pleasant visuals and large touch screen in the FBHU provide a relaxing and quiet atniismhayle the central
touch screen, crew members can access light controls and several Vibigal®lps make hygiene time a valuable
time for rest, reflection, and rejuvenatidn a multi-year mission, crewmembers will have busy schedules and be
operating in close quarters Withe other crewmembeiGreating moments of respite within their daily schedule will
help alleviate tension and reduce the risk of bouh

As human spaceflight progresses into extended duration missions, designing new precedents for how astronaut
hygiere and mental health are supported is crutia DSSV hygiene deck supports crew physical and psychological
health by considering the usability of each unit and prioritizing clean surfaces and smooth workflows.

3. Exercise Countermeasures

Exerciseisa@l ai | y part of .docounteract tberdebilitatideeffectoliniicrogravity, astronauts
must perform 1.5 hours of restive exercise and 1 hour of aerobic exercise edotoddgr to house enough exercise
devices forall 48 crewmembers teffectively cycle through their 2-Bour routine exercise, facilities occupy the
entirety of both nadir nodeshown inFig. 12, and a portion of Habitation deck Grew can enter these nodes from
either the Hygiene deck (Habitation deck 5) orMedical deck (Lab deck 5This location makes it convenient for
crewmembers to clean up after their exercise roufihe ISS exercise systems are used in the DSSV layout because
they have extensive performance historiag if smaller equipment can bektloped in the future, that could allow
for adding additional waste, hygiene, or exercise facilities
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Fig. 12 Exercise Nodes Top View

In total, the DSSV exercise facilities contain six Advanced Resistive Exercise Devices (ARED), three Cycle
Ergometerswith Vibration Isolation Systems (CEVIS), and three second generation Treadmills with Vibration
Isolation Systems (T2Each exercise device is housed in its own.stalls provides the crew with privacy and helps
contain sweat patrticles that are ejedteth the body during exercisBooths for the CEVIS and T2 are fully enclosed
and internal screens provide instruction and entertainfbatbooths for the ARED, on the other hand, are open at
the front to allow crew members to look out of the windowsible inFig. 13, during their routineswhile structural
engineers often prefer to minimize windows because of their added weight, it is essential to consider the psychological
health of crew who are confined to an enclosed and cramped interior spgearfdfurthermore, the opportunity to
look beyond the walls of the DSSV provides the crew with added motivation to consistently take part in their rigorous
daily exercise protocalsTwo of the treadmills are placed on the Hygiene deck (Habitation Jdmcause of space
considerations.
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Fig. 13 Exercise Nodes External View

Airflow within the nodes is designed to reduce the spread of &dah stall has air supply near the top and air
return belowThis lets fresh air circulate near the crew's factihay are exercising and stale air to be pulled downward
away from their faceas shown irFig. 14.
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Fig. 14 Airflow Diagram - ARED Booth in Exercise Nodes

The design of the DSSV exercise facilities maximizes privacy, odor mitigation, andnarvation while also
providing adequate space for freedom of movem@stronauts' daily exercise routimarelengthy and demanding,
so designing systems to improve the overall experience will help keep crew members healthy throughout their mission.

C. Recreation Dome

The Recreation Dome occupies the entire lower dome segment of the Hab Module and provides the crew with a
| arge, open space for solo or group .Thsepaceshpunabigo and
15, provides optias for crew on very long missions to burn off steam and is an important psychological
countermeasurénspired by the crew use of open space on the Skylab space station, the Recreation Dome is intended
specifically for crewphysica activity.
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Fig. 15 Recreation Dome

Variations on terrestrial sports and games can be played in the dome, but it is expected that the uniqueness of
microgravity will quickly lead to the invention of new activities that would be impossible on Earth or any gravity
environmentA notional group game is illustrated kig. 16.

Fig. 16 Notional Group Recreation in Dome

The surfaces of the Recreation Dome are padded, for crew protection, and also house stowagehlmekeirs
Fig. 17, that can be used to house game equipnidr@se hexagonal lockers can be subdivided to store small items
and in select instances oversized items are stored in large lockers that are multiples of the hexagonal locker form
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